This paper focuses on examining differential convergence patterns in productivity growth in China. Our empirical analysis shows that the Chinese provinces exhibit absolute divergence and then absolute convergence respectively during 1990-2000 and 2000-2010. In addition, absolute convergence is present during 1985-1995 and 2000-2010 in the primary sector and during 1995-2010 in the secondary sector. Our regressions also show that either for the overall regional economy, or for any individual sector, growth in labor productivity exhibits strong convergence. Besides the convergence trends, we also find that the secondary and tertiary sectors have grown significantly faster than the primary sector.
Introduction
China's post-1978 reform has been widely regarded as a colossal success. Since 1978, the Chinese economy has grown very rapidly, making China one of the world's fastest growing countries. Extrapolations suggest that the absolute size of the Chinese economy may be larger than that of the United States in two or three decades to come. By 2025, China is likely to become the world's largest economic power by almost any measure [1] . However, different regions in China exhibit substantial differences in growth rates and per capita incomes. Huge income disparities, especially the wide gaps in incomes and living standards between coastal and inland areas, are one of the most prominent features in the development process of China.
The substantial disparities in incomes and growth rates in China attract the attention of researchers. Some ar-gue that per capita incomes have been diverging across different regions as China is opened up greater foreign trade and foreign investment. Others, however, maintain that many large differences across the regions have declined over time and that poor regions have grown faster than rich ones since the initiation of China's reform. For example, [2] - [5] show a significant increase in interregional income inequality in the reform period, particularly in the late 1980s and 1990s [6] . In contrast, [7] finds that the Chinese national economic policies tend to generate a process of convergence during the 1980s. Similarly, the study of [8] finds that absolute convergence exists in per capita incomes during [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] . The study of [9] also finds similar evidence of absolute convergence using regional data of China for the period 1978-1992. This paper focuses on examining differential growth and convergence in per worker value added (labor productivity) across different regions and sectors in China. Existing literature tends to suffer from data shortage, poor data quality, limited sample period, and inappropriate methodology used, all of which may significantly bias the conclusions reached. Aiming to provide a more comprehensive and realistic picture of the growth and convergence patterns of the regions and sectors, this paper uses consistent regional and sectoral data to analyze the true tendency of growth and convergence in China over the period of .
The application of the Ramsey growth model as the theoretical framework in this study is motivated by one major fact, which is that the Solow growth model [10] assumes an exogenous and constant saving rate of the economy. Although this assumption may greatly simplify the analysis, the assumed constant and exogenous saving rate may be unrealistic. In a sense, the exogeneity (and constancy) of the saving rate can be viewed as a shortcoming of the Solow growth model. In this study we opt to base our empirical analysis on the theoretical framework of the Ramsey growth model, where the path of consumption and the saving rate are determined by optimizing households and firms that interact on competitive markets. As a result the saving rate is no longer exogenous and does not necessarily have to be constant. In other words, the Ramsey model endogenizes the saving behavior, and we could thus shift our attention from the saving rate per se to underlying factors that influence the saving rate.
The rest of the paper is organized as follows. In Section 2, we present the theoretical framework as the foundation for our subsequent empirical analysis. In Section 3, we set up our econometric model and discuss related issues concerning the variables. In Section 4, we present and analyze our regression results. Finally, conclusions are made in Section 5.
The Theoretical Foundation
To build the theoretical foundation for our subsequent empirical analysis in this study, in this section we follow the study of [11] in presenting an extended version of the Ramsey growth model [12] - [14] with two types of capital inputs.
We assume that aggregate output is produced with three inputs, that is, two types of capital (say, physical capital and human capital), and a non-reproducible factor, which is raw labor. The production function is assumed to be a Cobb-Douglas form of
where 0
Y is the level of aggregate output, K is the stock of the first type of capital (say, physical capital), H is the stock of the second type of capital (say, human capital), L is the quantity of raw labor, and A is a fixed technology parameter (but is variant across different economies). We assume that raw labor grows exogenously at a constant rate n and the effectiveness of raw labor grows constantly at an exogenous rate of g . The intensive form of the production function in (1) is given by
where we work in terms of per unit of effective labor and, accordingly, define ( ) ( ) ( )
The households own the three production factors and rent them to firms at competitive rental prices. Firms pay a proportional tax at rate η on output. The (after-tax) instantaneous profit of the firm (in units of effective labor) is written as 1 1 We hereinafter drop the argument t (time) wherever possible to avoid cluttering the notations.
where π is the firm's (instantaneous) profit per unit of effective labor, ŵ is the wage rate per unit of effective labor, k R is the rental price of the first type of capital (physical capital hereinafter for convenience) and h R is the rental price of the second type of capital (human capital hereinafter for convenience). The firm seeks to maximize the present value of its profits. Without adjustment costs involved, however, maximizing the present value of profits reduces to a problem of maximizing instantaneous profit at each time. Thus the firm equates the marginal products to the rental prices as follows
These conditions imply that ˆ0 π = in (3), as it must be the case in equilibrium. Infinitely lived households maximize their lifetime utility, which is given by ( ) 
where r is the real interest rate, and ( ) ( ) 
Therefore, households maximize utility in (5), subject to (7), given ( ) 
Following basically the same procedure as in a standard Ramsey model, we can derive the steady-state situation as
and ( )( ) closed Chinese provinces (no capital mobility across regional borders), the speed of convergence, λ , which depends on the parameters of technology and preferences, can be written as
If otherwise we allow for partial capital mobility across provincial borders, that is, we assume that the amount of debt, d , cannot exceed the quantity of physical capital (the first type of capital) k 4 , it can be shown that with this setup, the model predicts a speed of convergence that can be expressed as 
The Econometric Modeling
Equation (11) 
in which ŷ * is given by (10b). Our econometric analysis in this study is directly based on the important idea conveyed by Equation (13) . Inserting (10b) into (13) 
We can rewrite Equation (14) in conventional notations of a panel data specification as 
v is the zero-mean idiosyncratic error term that varies across economies and time periods.
As α and φ are assumed to be fixed across all economies and time periods, the term (14) is a constant and absorbed into the time intercept t ψ in (15).
The technology shifter A  is fixed for a given economy but is different across economies (i.e. different Chinese provinces in the current study), so the term ( ) ( (14) The main difficulty that confronts us in our econometric analysis is that parameters such as η , ρ and θ are not directly observable. One way to tackle this difficulty is to assume that these parameters (which are allowed to vary across provinces and over time) are not correlated with the initial per capita output and the technology shifter A  , so that we can subsume the terms involving η , ρ and θ into the idiosyncratic error it v . By doing this, however, we run the risk of giving rise to the omitted variables problem as it is likely that the initial per capita output or the technology parameter A  is in fact correlated with η , ρ or θ . Another way of dealing with the difficulty is to assume that η , ρ and θ are region-specific but time-constant, so that we can subsume the terms involving η , ρ and θ into the individual province effects term i u . By doing so, we can allow for the potential correlation between η , ρ and θ (on the one hand) and the initial per capita output and the technology shifter A  (on the other hand), but at the same time run the risk of being unrealistic as the parameters η , ρ and θ may in fact vary over time for any given province.
In view of the tradeoff discussed above, we finally opt to assume that ρ and θ (i.e. the parameters concerning preferences) are province-specific but time-constant. As a result, we effectively subsume the term ( ) With the considerations above, Equation (15) reduces to a regression of (the log of) the current per capita output on (the log of) the initial per capita output, the time-constant province heterogeneity term and a time-variant intercept.
Regression Results
Our sample includes 31 provincial-level regions (provinces for short) in China over the period of 1985-2010 5 . Relevant data for our regression analysis can be obtained from the various official publications of the National Bureau of Statistics of China 6 . We run both cross sectional and panel data regressions based on the model in (15). In our panel data regressions to come, we partition the entire sample length into five equally spaced time spans, namely, 1985-1990, 1990-1995, 1995-2000, 2000-2005 and 2005-2010 , and employ four time dummy variables (along with a common intercept) to take account of secular changes across different time spans (subperiods).
We first run cross section regressions. Our baseline estimation results are summarized in Table 1 . These regressions test unconditional (absolute) convergence in per worker output growth across the Chinese provinces. Specifically, from the results in this table, we can see that during 1990-2000, the estimated coefficient on the lagged dependent variable, , 1 i t y − , is significantly greater than unity, indicating absolute divergence in per worker output growth across the provinces. In contrast, during 2000-2010, the provinces are shown to exhibit absolute convergence in per worker output growth, as indicated by an estimated coefficient on , 1 i t y − that is significantly lower than unity. Therefore, according the estimation results in Table 1 , the basic conclusion we reach is that, in terms growth of per worker output, the Chinese provinces display absolute divergence and then absolute convergence, respectively, during the two consecutive decades, 1990-2000 and 2000-2010.
Next, we examine "club convergence" across the provinces by adding two dummy variables, "East" and "West", to capture the geographical locations of the provinces. "East" equals one if the province belongs to the eastern zone and zero otherwise, and "West" equals one if the province belongs to the western zone and zero otherwise. China is located in the east of Asia. There are oceans to the east and southeast of China, but then there is a gigantic desert in its far north and west and a very high mountain range-the highest in the world-in its southwest. Historically, differences in degrees of regional openness to the outside world can be explained to a large extent by the distances of the regions to the southeast coast of the country. The whole mainland of China is thus divided into three zones-the eastern coastal zone, the central zone and the western zone. The three big zones exhibit systematic differences not only in aspects such as climate and resource endowment, but also in aspects such as culture, policy and exposure to foreign trade and FDI. If all or some of these aspects can be regarded as elements to be included in the technology shifter A , or as underlying factors influencing A , then in the econometric sense, the zone dummy variables we include would serve as proxy or indicator variables for at least some components captured by A . This in a sense justifies our inclusion of zone dummies in the regressions. Our results in Table 2 show that during the decade of 1985-1995, the provinces exhibit significant club convergence, which implies that poor provinces were catching up with the rich provinces within the same geographical zone during that period.
We then rerun the relevant regressions by sector. That is, we run regressions that are parallel to those above, but based on data of each individual sector rather than the overall regional economy. We break up the regional economy into three sectors, i.e. the primary sector, the secondary sector and the tertiary sector. The primary sector (denoted "Sector 1") refers to agriculture, forestry, animal husbandry and fishery and services in support of these industries. The secondary sector (denoted "Sector 2") refers to mining and quarrying, manufacturing, production and supply of electricity, water and gas, and construction. The tertiary sector (denoted "Sector 3") refers to all other economic activities not included in the primary or secondary industries. Results in Table 3 show that during the periods 1985-1995 and 2000-2010, growth in the primary sector displays a trend of absolute convergence across the Chinese provinces, and that during 1995-2010 (that is, during two overlapping periods 1995-2005 and 2000-2010), growth in the secondary sector exhibits a trend of absolute convergence across the provinces. Table 4 examines the case of club convergence across the provinces within the same geographical zone. Our results suggest that during 1985-1995 and 1995-2010 (that is, during two overlapping periods 1995-2005 and 2000-2010), the tertiary sector and the primary sector respectively exhibit club convergence across the provinces within the same geographical zone.
However, we should note that Equation (14) above is associated with the concept of conditional convergence, as the specification contains a region heterogeneity term that conditions the steady state. By definition, conditional convergence means each region convergences to its own steady state. In Table 5 , we present our estimation results from Fixed Effects (FE) panel data regressions based on Equation (15). We see that either for the overall regional economy, or for any individual sector, growth in labor productivity (value added per worker) exhibits strong conditional convergence, as reflected by the estimated coefficients on the lagged dependent variable, which are all very significantly lower than unity.
Further, to compare differences in growth rates between different sectors, we now shift to another approach: we pool all the province-sector pairs together as the sample points and use a Least Squares with Dummy Variables (LSDV) method where dummy variables are used to represent each province and each sector. As we have 31 provinces and three sectors, we end up having 93 cross sectional sample points. The dependent variable is then the log of per worker value added in sector j of province i in the (specified) end year while the (main) explanatory variable is the corresponding lagged dependent variable. In Table 6 , we present our estimation results. The primary sector (Sector 1) is taken as the default sector, and therefore we need to include two sector dummies to take account of differences in growth across different sectors. The province dummies are also included in the regressions. However, to save space, we do not report the estimated coefficients on the province dummies and the estimated common intercept in the table. We can see that except for the period 1985-1995, growth in the province-sector pairs exhibits significant (conditional) convergence. We also see that, besides the convergence trend, the secondary and tertiary sectors generally experience faster growth than the primary sector, as implied by the significantly positive estimated coefficients on the sector dummies.
Next, in the regressions in Table 7 , we keep the (two) sector dummies but drop all the province dummies, aiming to discover a pattern of absolute convergence in regional growth in the individual sectors. Results show that during the period 1995-2010 growth in the primary sector exhibits absolute convergence across the Chinese provinces, and during 1990-2010 growth in the secondary sector displays absolute convergence across the provinces. However, if we further drop the sector dummies to examine region-wide absolute convergence, we end up failing to obtain significant estimates, as can be seen from Table 8 .
From all the regressions above, we see that there is very little evidence for overall region-wide absolute convergence across the Chinese provinces. However, our empirical results provide strong evidence for conditional convergence. This is not surprising as our model above pertains to the case of conditional convergence, in which each economy is expected to converge to its own balanced growth path (steady state). Since different economies (provinces) may have vastly different balanced growth paths, we cannot reasonably expect that all provinces are converging to the same, unified growth path.
As a byproduct, we estimate the individual province effects (the estimated coefficients on the province dummies) in our regressions in Table 5 . The individual province effects we estimate through this panel data approach can be regarded as a measure of relative total factor productivity (TFP) of the individual provinces (see the model earlier). They may indicate the relative efficiency with which an individual province is able to convert the various production factors into output 7 . If we run regressions by substituting the estimated province effects for the zone dummies in Table 2 , we can see that conditioning on the province effects, the provinces exhibit significant (conditional) convergence. This result implies that the cross-region variation in the regional TFP may explain a substantial part of the variation in regional growth rates. In other words, if all the regions were to have the same level of TFP, then there would be a clear pattern of convergence across the regions. However, since in fact the levels of TFP vary vastly across the provinces, we are not able to find evidence for convergence if such convergence is not conditioned on the regional levels of TFP.
Another important result is that from Table 5 , we do not find substantially different convergence speeds across the different sectors. However, from Table 6 , we see that the growth speeds of the secondary and tertiary sectors are substantially higher than that of the primary sector.
Concluding Remarks
The substantial disparities in incomes and growth rates in China attract the attention of researchers. This paper focuses on examining differential growth and convergence in per worker value added (labor productivity) across different regions and sectors in China. Aiming to provide a more comprehensive and realistic picture of the growth and convergence patterns of the regions and sectors, this paper uses consistent regional and sectoral data to analyze the true tendency of growth and convergence in China over the period of 1985-2010. Our regression analysis shows that, in terms of overall regional growth of per worker output, the Chinese provinces exhibited absolute divergence and then absolute convergence respectively during the two consecutive decades 1990-2000 and 2000-2010. When we look closer and break up the overall regional growth into growth in the individual sectors, we find that during the periods 1985-1995 and 2000-2010 growth in the primary sector displayed a trend of absolute convergence across the Chinese provinces, and that during 1995-2010 growth in the secondary sector exhibited a trend of absolute convergence. In terms of conditional convergence, our regressions show that either for the overall regional economy, or for any individual sector, growth in labor productivity (value added per worker) exhibits strong convergence. In addition to the convergence trends, we also find that the secondary and tertiary sectors have grown significantly faster than the primary sector.
